The NGST sunshield is a lightweight, 
INTRODUCTION

Ground
testing of large lightweight structures is challenging because (1) they are not designed to withstand their own weight in a l-g environment,
air has a significant effect on the structural response (e.g. damping, drag, and mass), and (3) 
TEST OBJECTIVES
The objective of these tests was to determine the natural frequencies, structural damping, and mode shapes of the sunshield model in the frequency range of 0-10 Hz at three different membrane tension levels. Varying the tension level alters the dynamic response of the membranes since it modifies the stress field and hence the frequencies of the film. A secondary objective was to characterize the effect of gravity on the dynamic response of the sunshield by testing the sunshield in two different orientations (I 80 degrees apart) using identical test procedures.
TEST SETUP
A test setup was developed to accept two orientations of the sunshield and to be used in either laboratory (in air) or T/V (thermal-vacuum) chamber environments.
The setup is composed of four subsystems: (I) the test article, (2) the support structure, (3) the excitation system and (4) the instrumentation.
The test article, The other springs that were tested are CFS2 with a spring constant of 2.85 N (0.64 Ib) and CFS3 with a spring constant of 4.275 N (0.96 lb). This kite-like structure weighs approximately 4.5 kg (10 Ibs).
The support structure, Figure 3 , is a stiff framework of welded aluminum members composed Typically the reference signal would be the force gage signal but for these tests, the excitation level was low resulting in a force =oaoe output signal that was too low to work with the lockin amplifier.
For most of these tests, the interface block (drive point) accelerometer signal was used as the reference.
For the modes below 2.5 Hz, the laser vibrometer lock-in amplifier had trouble locking in on the drive point accelerometer signal so the shaker drive source signal was used.
The laser vibrometer system that was used had trouble locking on most of the lower frequencies and as a result, the 'locked-in' frequencies did not always exactly match the frequencies of the final analysis of the random data.
The frequencies presented in this paper with the velocity contour figures are the frequencies that were "locked-in" on the vibrometer system. While using the lock-in amplifier, the laser vibrometer sensor head can be setup to scan across the test item using a user-defined number of points. When scanning the test item, the laser briefly dwells at each point for a user-selected time. The velocity magnitude and phase information for each point is then saved onto disk. Figure 9 . For CFSI, the mode shape of the membrane shows the center of the long side of the membrane out-ofphase with a significant area along the edges. As the tension is increased, the mode shape changes such that most of the long side of the membrane is moving together and only a very small portion of the edges is moving out-of-phase. Figure  10 shows the membrane mode shapes for the dominant medium tube-membrane mode. For the CFS1 case, the shape shows the center of the short side of the membrane moving out-of-phase with a portion of the short side edges (Note that there are higher-order effects along the outer edges). As the tension is increased, the size of the center region increases until there are only small areas along both edges that are out-of-phase. 
Effect of Gravity
The effect of gravity is more complicated than the tension effects described in the previous section. Upon examination of the FRF plots, Figure  8 , it would appear that switching from the LSD configuration to the SSD configuration causes modes of the long side of the membrane to shift slightly down in frequency and modes of the short side of the membrane to shift slightly up in frequency. This trend agrees with the results of the preliminary 'tubes-only ' tests. However, examination of the mode shapes reveals significantly different shapes for what would be expected to be similar modes based on the frequency. The best example of this is the first group of low frequency membrane modes.
For the LSD case these modes involve the edges of the long side of the membrane but for the SSD case, these modes involve the edges of the short side of the membrane. It would appear that even though the frequencies are similar, the mode shapes of the low frequency membrane modes are greatly dependent on gravity and will have participation from whichever side of the sunshield is pointed down. The dominant membrane-support tube modes are not as affected by gravity. Figure 12 
